ABSTRACT. A method for sex identification of the Japanese black bear was examined using a polymerase chain reaction (PCR) and sequencing of a part of the amelogenin gene. This gene is located on the X and Y chromosomes, and there are 54 nucleotide deletions on the Y chromosome-specific gene. Forty-seven (26 male and 21 female) DNA samples and 23 (13 male and 10 female) DNA samples, respectively extracted from white blood cells and hairs of Japanese black bears were analyzed. The primers SE47 and SE48 from this X-Y homologous region were used in sex identification by PCR amplification. These primers amplified X-and Y-specific bands, which could be used to discriminate between sexes by a length polymorphism in all samples. We suggest that PCR amplification using the primers SE47 and SE48 is useful for sex determination of the Japanese black bear and could be applied to DNA analysis of small samples such as hairs. KEY WORDS: amelogenin gene, Japanese black bear, polymerase chain reaction, sex identification.
Japanese black bear populations are threatened by decline and fragmentation in some areas. On the other hand, damage by bears to forestry, agriculture and livestock is a very serious problem. The monitoring of population structure and estimation of population abundance and distribution are prime components in the development of a suitable management plan.
Sex identification using genomic DNA acquired from hairs, feces and harvested animals is an important analytical tool in the ecological study of free-ranging animals [1, 3] . PCR-based methods are available to identify sex from even a small amount of genomic DNA. In most mammals, the male is identified by amplifying the SRY gene which is a Y chromosome-specific sequence. However, when the results are negative from amplification of only the SRY gene, it cannot be assumed that the individual is female or that there was a mistake in the experimental process. A gene possessed by both males and females should be amplified in the same tube as the positive control. In sex identification of ursides by PCR amplification, primer pairs which amplify the SRY gene and the mitochondrial DNA control region or ZFX/Y have been used [6, 11, 14] . In humans and cattle, one set of primers is used to amplify the X-Y homologous amelogenin gene, yielding different size fragments which are X-and Y-chromosome specific [4, 9] . However, in ursides, these ideal methods which identify the presence of the X and Y chromosomes using one set of primers have not been applied to sex identification.
In this study, we use the primers established in cattle and new primers based on the amelogenin gene which amplify a small region of the gene and discriminate between sexes by a length polymorphism that produces the X and Y chromosome amplification products. We also examined whether those primers were useful for sex identification using hairs of the Japanese black bear.
MATERIALS AND METHODS
Samples: Blood samples were collected from 47 captive Japanese black bears (26 males and 21 females) at Ani Bear Park, Akita Prefecture, and white blood cells were separated from the blood. Hairs were plucked from 23 (13 males and 10 females) captive and free-ranging immobilized bears (captured in Hyounosen, Hyogo Prefecture). All the samples were stored at -20°C until DNA extraction.
DNA extraction: DNA extractions from white blood cells were performed using proteinase K lysis and phenol/chloroform as described by Tsuruga et al. [13] . From 3 to 4 hair roots were added to 300 µl of extraction buffer (10 mM TrisHCl (pH 7.5), 10 mM EDTA (pH 7.5), 0.1 M NaCl, 2% (w/ v) SDS, 0.2 mg/ml Proteinase K) and incubated at 37°C overnight. The DNA was extracted by phenol/chloroform and precipitated with ethanol. The pellet was eluted using 50 µl of TE buffer (10 mM Tris-HCl (pH 7.5), 0.1 mM EDTA).
Sequence of the amelogenin gene: We used one set of primers for sequencing the bear amelogenin gene. Sequences of the primers are as follows: forward primer (GTGGATGGCTGCACCACCAA), and reverse primer SE48 (CCCGCTTGGTCTTGTCTGTTGC). The forward primer was designed from conserved sequences of human (X14440) and bovine amelogenin genes (M63499-M63500) (EMBL/Genbank accession numbers are in parentheses). The primer SE48 was developed for cattle by Ennis and Gallagher [4] . As a template, 100 ng of genomic DNA extracted from white blood cells of 3 male and 3 female bears were used for PCR amplification. A total volume of 20 µl containing 10 mM Tris-HCl pH 8.3, 50 mM KCl, 1.5 mM MgCl 2 , 0.001% (W/V) gelatin, 200 µM of each dNTP, 0.1 U AmpliTaq Gold (Perkin Elmer Applied Biosystems, Japan), and 20 pmol of each primer together with 5 µl of the extracted DNA was used for PCR amplification (95°C for 9 min, followed by 35 cycles of 94°C for 30 sec, 58°C for 30 sec, 72°C for 1 min, followed by a final extension at 72°C for 5 min using the Perkin Elmer GeneAmp PCR system 2400). Five microliters of the PCR products were electrophoresed in 2% agarose gel and stained with ethidium bromide.
The male-specific fragment (387 bp) and the common fragment in the male and female samples (441 bp) were excised from the gel, and DNA was purified by treatment with phenol-chloroform. Each PCR product was cloned using the TOPO TA cloning kit (Invitrogen, Carlsbad, CA). At least three clones per individual were subjected to sequencing to check for PCR and sequencing errors. The sequence was determined manually using the Thermo Sequenase TM II dye terminator cycle sequencing premix kit (Amersham Pharmacia Biotech, Japan) with an ABI 377 automatic DNA sequencer (Perkin Elmer, Japan).
Based on the sequences obtained, we designed a new pair of primers, Amel-UF (ACTCCAACCCAACACCAC-CAGC) and Amel-UR (AGAGGCAGGTCAGGAAG-CATG), for sexing bears.
Sex determination: In the sex determimation of bears, the primer pair Amel-UF and Amel-UR or SE47 (CAGC-CAAACCTCCCTCTGC) and SE48 was used. The primer pair SE47 and SE48 has been used for sexing cattle [4] . For the control of contamination, human DNA samples extracted from white blood cells, in addition to the bear samples, were used for sex determination. The primers were added to 20 µl volumes containing PCR buffer (see sequencing). The PCR conditions were 35 cycles (using DNA extracted from white blood cells) or 60 cycles (using DNA extracted from hair) and 62°C annealing. Five microliters of the PCR products was electrophoresed in 2% agarose gel and stained with ethidium bromide.
RESULTS
The nucleotide sequence of the PCR products of the bear amelogenin gene (441 bp and 387 bp in length of the male specific band and common band, respectively) are shown in Fig. 1 . In the male-specific product, there are 6 single-base changes, in addition to 54 nucleotide deletions. Based on these sequences, we designed a new primer pair, Amel-UF and Amel-UR, for sexing Japanese black bears.
The two pairs of primers, Amel-UF and Amel-UR, and SE 47 and SE 48, were tested in sexing with DNA extracted from white blood cells of the Japanese black bear. Figures  2-A) and B) show the result of sexing the bears from genomic DNA. The primers Amel-UF and Amel-UR amplified a single band for the female and two bands and a non-specific band for the male. On the other hand, the primers SE 47 and SE 48 consistently amplified two bands of 245 bp and 191 bp in samples from male bears, and a single band of 245 bp in samples from female bears. In both male and female humans, a single band was amplified between 191 bp and 245 bp. The primers SE 47 and SE 48 were used in sex identification of hair samples. Like the results of the sex identification using genomic DNA extracted from white blood cells, two bands and a single band were obtained from all male and female hair samples, respectively. (Fig. 2-C) ).
DISCUSSION
The amelogenin gene encodes an important protein in the developing mammalian tooth enamel matrix [7, 12] and has been conserved during the evolution of vertebrates [8] . The human [10] and bovine [5] amelogenin gene is found on the X and Y chromosomes, and differences in their lengths are observed between the X-and Y-specific gene, whereas this gene is localized only on the X chromosome in mice [2] and on the autosomes in monotremes and marsupials [15] . In this study, we sequenced a part of the amelogenin gene and determined both male-specific and common sequences in males and females of the Japanese black bear. Our findings suggest that the amelogenin gene of the Japanese black bear is located on X and Y chromosomes, and that there are 54 nucleotide deletions on the Y-specific gene in this region.
We performed sex identification of the Japanese black bear by PCR amplification using a pair of primers, Amel-UF and Amel-UR, designed from the X-Y homologous amelogenin gene of the bear. However, the primers Amel-UF and Amel-UR amplified a non-specific band in addition to a male-specific band and a band common to both males and females. The primers SE47 and SE48 which have been used in the sex identification of cattle [4] , consistently amplified two bands of 245 bp and 191 bp, and a single band of 245 bp in male and female bears, respectively, suggesting that the SE47 and SE48 primers are more useful for the sex determination of bears.
When using small amounts of DNA samples in PCR amplification, contamination of human DNA in the field collection of samples and laboratory analysis has proven to be a problem. In sexing bears using the SRY gene, it is impossible to prove the contamination of human DNA because bands of the same length are amplified in males of both humans and bears. The primers SE47 and SE48 amplify different size bands in humans compared to those in bears.
The present study suggests that the primers SE47 and SE48 which were developed for the amelogenin gene are useful for sex identification of the Japanese black bear.
